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(54) Material-handling vehicle 

(57) A material-handling vehicle (10) comprising a 
structure (11) having ground engageable propulsion 
means (33,34), a loader arm (60), having a longitudinal 
axis, mounted at the rear (1 3) of the structure (1 1 ) for up 
and down swinging movement, an operator's cab (50) 
disposed on the structure (11) on one side of the loader 
arm longitudinal axis and an engine (71 ) mounted on the 
structure (11) to provide power for said swinging move- 
ment of the arm (60) and propulsion of the vehicle (10), 
wherein the engine (71) is located on one side of the 
loader arm longitudinal axis and the engine (71) has an 
output shaft (71 C) and the engine (71) is transversely 
disposed with its output shaft (71 C) transverse to the ve- 
hicle (10). 
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Description 

This invention relates to a material-handling vehicle 
of the kind, hereinafter referred to as the "kind specified", 
comprising a structure having ground engageable pro- 5 
pulsion means, a loader arm mounted at the rear of the 
structure for up and down swinging movement, an oper- 
ator's cab disposed on the structure on one side of the 
loader arm longitudinal axis and an engine mounted on 
the structure to provide power for said swinging move- 10 
ment of the arm and propulsion of the vehicle. 

. One such machine is disclosed in US-E-30021. In 
this machine, which is relatively large, the loader arm is 
partly accommodated in a well provided between the cab 
and a load carrying platform disposed on the opposite *5 
side of the loader arm to the operator's cab. As a result 
the loader arm, in a fully lowered position, is disposed 
below a horizontal plane containing the top of a steering 
wheel in the operator's cab so that the driver's vision is 
substantially unobstructed. This vehicle is sufficiently 20 
large thatan engine to provide power for swinging move- 
ment of the arm and propulsion of the vehicle can be ac- 
commodated beneath the well on the centre line of the 
vehicle. 

EP-B-0375705 discloses another such vehicle in 25 
which the loader arm in a fully lowered position is partly 
accommodated in a well disposed between the opera- 
tor's cab and a housing in which an engine to provide 
power for swinging movement of the loader arm and pro- 
pulsion of the vehicle is disposed with the engine being 30 
arranged longitudinally of the vehicle so that the crank 
shaft of the engine extends parallel to the longitudinal 
axis of the vehicle. The loader arm is disposed below a 
horizontal plane containing the bottom of a side window 
in the operator's cab which faces transversely across the 35 
vehicle, again so as not to interfere with the view of the 
operator in this direction. 

Such a vehicle configuration enables the vehicle to 
be made smaller than the vehicle of US-E-30021 and en- 
ables the overall height of the vehicle to be reduced. 40 

DE-A-2739537 discloses another such vehicle but 
in which the engine of the vehicle is disposed transverse- 
ly, so that its crankshaft extends perpendicular to the lon- 
gitudinal axis of the vehicle, and the loader arm, in its 
lowered position, is disposed so that the loader arm is 45 
entirely above the top of the engine and its associated 
housing. Accordingly the vehicle is unprovided with any 
well so that in a lowered position the loader arm extends 
alongside the operator's cab substantially above the bot- 
tom of a side window therein so that the driver's view so 
transversely of the vehicle is obstructed. 

All the above mentioned vehicles suffer from one or 
other disadvantage. 

In US-E-30021 because of the disposition of the en- 
gine underneath the loader arm the operator's cab is re- 55 
quired to be relatively high so that the operator can still 
see over the top of the loader arm whilst providing suffi- 
cient space beneath the loader arm for the accommoda- 



tion of the engine. 

!n DE-A-2739537 the driver's view transversely 
across the vehicle is obstructed because of the absence 
of a well to accommodate the loader arm, said absence 
being occasioned by the transverse disposition of the en- 
gine requiring space underneath the loader arm to ac- 
commodate the engine. 

In EP-B-035705 access to the side of the engine ad- 
jacent to the cab is obstructed by the presence of the cab 
and the wheel base of the vehicle must be relatively large 
to accommodate the longitudinal extent of the engine be- 
tween the wheels. A short wheelbase is desirable as it 
improves the manoeuvrability of the vehicle, which is im- 
portant for operating in confined spaces. 

An object of the invention is to- provide a materi- 
al-handling vehicle of the kind specified whereby the 
above mentioned problems are overcome or are re- 
duced. 

According to the present invention we provide a ma- 
terial-handling vehicle of the kind specified wherein the 
engine is located on one side of the loader arm longitu- 
dinal axis and the engine has an output shaft and the 
engine is transversely disposed with its output shaft 
transverse to the vehicle. 

The loader arm may extend forwardly parallel to a 
vertical plane containing a longitudinal axis of the Vehi- 
cle. 

According to a first, more specific aspect of the in- 
vention the engine may be located on the opposite side 
of the loader arm longitudinal axis to the cab and the en- 
gine is spaced from the cab to define a well between the 
cab and the engine in which the arm, in a lowered posi- 
tion, can be at least partly accommodated. 

The engine may be disposed on the opposite side 
of the loader arm longitudinal axis to the cab. 

The engine may be disposed in a housing. 

According to a second more specific aspect of the 
invention the engine may be located on the same side 
of the loader arm to the cab with the engine disposed at 
least partly beneath the cab. 

A housing may be provided, disposed on the oppo- 
site side of the loader arm to the cab, and a well may be 
provided, between the cab and the housing, in which the 
arm, in a lowered position, can be at least partly accom- 
modated. 

The housing may house a cooling means for the en- 
gine or otherauxiliary means of the engine and/or vehicle 
such as a fuel or oil tank. 

The first and/or the second more specific aspects of 
the invention may have the following features. 

The output shaft of the engine may be perpendicular 
to the longitudinal axis of the vehicle. However, if desired, 
the output shaft of the engine may be arranged at an an- 
gle other than perpendicular to the longitudinal axis of 
the vehicle. 

For example, it is envisaged that it may be conven- 
ient for the output shaft to be at an angle in the range 
35° - 55° to the longitudinal axis of the vehicle and pref- 
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erably at 45° to the longitudinal axis. 

Where the engine is a reciprocatory piston engine 
the output shaft may be provided by the crankshaft of the 
engine. 

The structure may have a front end and a rear end 
with said longitudinal axis of the vehicle extending ther- 
ebetween and the ground engageable propulsion means 
being disposed equi-distant from, and on opposite sides 
of, said longitudinal axis. 

The loader arm may carry a material handling imple- 
ment at its front end so that the material handling imple- 
ment is disposed in front of the front of the structure when 
the arm is in its lowermost position. 

The cab may have a side window which faces trans- 
versely across the vehicle at right angles to the longitu- 
dinal axis of the vehicle. 

The loader arm may be mounted on the structure at 
a position which is not more than a predetermined dis- 
tance above a horizontal plane passing through the high- 
est part of the engine or the engine. 

By "a first predetermined distance" we mean about 
350mm above and preferably about 300mm above or at 
or below the height of said highest point. 

The loader arm, at the position alongside the highest 
point of the engine, may be not more than a second pre- 
determined distance above said horizontal plane. 

By "a second predetermined distance" we mean 
about 450mm above and preferably about 65mm above 
and may be at or below the height of said highest point. 

The structure may comprise a pair of spaced fore 
and aft extending frame members which are preferably 
parallel to each other. 

The ground engageable propulsion means may be 
driven via a mechanical transmission. 

The mechanical transmission may comprise a gear- 
box disposed underneath the well. 

The gearbox may have an input shaft which extends 
generally parallel to the longitudinal axis of the vehicle 
and at least one output shaft which also extends gener- 
ally parallel to the longitudinal axis of the vehicle and 
there being a transfer mechanism having an input shaft 
to transfer the drive from the transversely extending out- 
put shaft of the engine to the longitudinally extending in- 
put shaft to the gearbox. 

The transfer mechanism may comprise an input 
shaft and an output shaft disposed at an angle to each 
other, the input shaft being connected to the output shaft 
of the engine and the output shaft being connected to 
the input shaft to the gearbox and the input and output 
shafts of the transfer mechanism being connectable in 
torque transmitting relationship by a gear set which may 
comprise a bevel gear set. 

Where the output shaft of the engine is inclined to 
the longitudinal axis of the vehicle, the input shaft of the 
transfer mechanism is inclined to the output shaft of the 
transfer mechanism at a corresponding angle. 

Where the output shaft of the engine lies at 90° to 
the longitudinal axis of the vehicle, the input shaft of the 



transfer mechanism may be arranged at 90° to the out- 
put shaft of the transfer mechanism. 

Where the output shaft of the engine lies at 45° to 
the longitudinal axis of the vehicle, the input shaft of the 

5 transfer mechanism may be arranged at 45° to the out- 
put shaft of the transfer mechanism, or at another appro- 
priate angle depending on the angle of the output shaft 
of the engine to the longitudinal axis of the vehicle. 

The ground engageable propulsion means may 

10 comprise a pair of ground engageable wheels disposed 
adjacent the front of the structure and a pair of rear 
ground engageable wheels adjacent the rear of the 
structure. 

The wheels of the front pair may be driven from a 
is first output shaft of the gearbox whilst the wheels of the 
rear pair may be driven by a second output shaft of the 
gearbox through differential gear means. 

The transfer mechanism may be provided with 
damping means between the engine output shaft and the 
20 transfer mechanism input shaft to reduce engine induced 
vibrations or resonance. 

The engine and/or transfer mechanism and/or gear- 
box may be provided with mounting means to accommo- 
date torsional movement and as necessary lateral, axial, 
25 vertical movement of both engine and gearbox. 

The engine, transfer mechanism and gear box may 
be rigidly connected together. 

Preferably the transfer mechanism comprises a 
housing having a first mounting face, which faces trans- 
30 versely outwardly of the vehicle, to which a mounting 
face of the engine is connected, and a second mounting 
face facing in the fore and aft direction of the vehicle, to 
which a mounting face of the gear box is connected. 
The engine, transfer mechanism and gear box may 
55 each have at least one mounting means whereby the 
coupled together components are mounted on the vehi- 
cle. Preferably the mounting means are vibration isolat- 
ing mountings. 

The housing of the transfer mechanism may have a 
40 first and a second mounting means disposed on opposite 
sides of the axis of rotation of the output shaft of the en- 
gine and preferably carried by one of the fore and aft ex- 
tending frame members. 

The gear box may have a mounting on the side of 
45 the gear box which is on the opposite side of the fore and 
aft axis of the vehicle to the engine and preferably carried 
by the other of the fore and aft extending frame mem- 
bers. 

Alternatively, at least one of the engine and the gear- 
so box may be movable relative to the transfer mechanism 
and the engine output shaft being flexibly connected to 
in input shaft of the transfer mechanism and/or the output 
shaft of the transfer mechanism being flexibly connected 
to the input shaft of the gearbox. 
55 The vehicle according to the present invention may 
be provided with a relatively short wheel base because 
of the relatively short longitudinal extent of the trans- 
versely mounted engine permitting the wheels to be clos- 
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er together than as hitherto have been provided. The pro- 
vision of a mechanical transmission is less costly than a 
hydrostatic transmission. 

The invention will now be described by way of ex- 
ample with reference to the accompanying drawings in 
which: 

FIGURE 1 is a side elevation of a material-handling 
vehicle embodying the invention; 

FIGURE 2 is a front elevation of the machine of Fig- 
ure 1; 

FIGURE 3 is a plan view of the vehicle of Figure 1; 

FIGURE 4 shows part of Figure 3 drawn to an 
enlarged scale; 

FIGURE 5 is a plan view, similar to that of Figure 4, 
but of a modification of the vehicle shown in Figures 
1 to 4; 

FIGURE 6 is a plan view, similar to that of Figure 4, 
of another modification of the vehicle shown in Fig- 
ures 1 to 4; 

FIGURE 7 is a plan view similar to that of Figure 4 
but of a further, preferred, modification of the vehicle 
shown in Figures 1 to 4; 

FIGURE 8 is a side elevation of the modification 
shown in Figure 7; 

FIGURE 9 is a plan view, with parts omitted for clar- 
ity, of an alternative vehicle embodying the inven- 
tion; 

FIGURE 1 0 is a plan view, with parts omitted for clar- 
ity, of another alternative embodying the invention; 

FIGURE 11 is a plan view, with parts omitted for clar- 
ity, of another alternative embodying the invention; 

Fl GURE 1 2 is a plan view, with parts omitted for clar- 
ity, of another alternative vehicle embodying the 
invention; 

FIGURE 13 is a plan view of another alternative 
vehicle embodying the invention, and 

FIGURE 14 is a side elevation of the material han- 
dling vehicle shown in Figure 13. 

Referring to Figures 1 to 6 of the drawings, a mate- 
rial-handling vehicle is indicated generally at 10 and 
comprises a main structure 1 1 having a front end 1 2 and 
a rear end 1 3 with a longitudinal axis X-X extending be- 
tween the front and rear ends. The structure 1 1 compris- 



es a pair of spaced parallel frame members 14, 15 held 
in spaced parallel relationship by cross members includ- 
ing a rear torsion box 11a, a deck plate 11b and front 
torsion box "11c. 

5 Each frame member 14, 15 has an upper surface 
21 , 22 respectively. At the front and rear the frame mem- 
bers 14, 15 have generally upright parts 24, 25 respec- 
tively whilst on their undersides they have a lower sur- 
face 26, 27 respectively. The right-hand frame member 

10 15 has an upwardly relieved part 28 to provide clearance 
for an engine and transfer mechanism, as hereinafter tc 
be described. A front axle 30 is mounted on the frame 
members 1 4, 1 5 at the front end thereof whilst a rear axle 
31 is mounted to the frame members 1 5 towards the rear 

15 thereof. The axles 30, 31 are of conventional type carry- 
ing at their opposite ends front wheels 33 and rear 
wheels 34 respectively. Both the front wheels 33 and 
both rear wheels 34 are pivotable relative to their asso- 
ciated axis about a vertical steering axis V for steering 

20 movement of the vehicle, as shown in chain dotted line 
in Figure 3. If desired, at least one of the axles may be 
mounted relative to the frame members 14, 15 for oscil- 
lation about a longitudinally extending axis. Each axle 
30, 31 is provided with a differential 35, 36 respectively 

25 of conventional form, the differentials being driven by 
propeller shafts 37, 38 respectively from front and rear 
output shafts 39, 40 respectively of a change speed 
gearbox 41 incorporating, by virtue of being bolted there- 
to, a torque converter 42. The input and output shafts 

30 and change speed gear carrying shafts of the gear box 
41 extend parallel to the longitudinal axis X-X. If desired 
the torque connector may be omitted or provided in some 
other suitable manner in the drive train. 

The change speed gearbox 41 is mounted on the 

35 frame members 14, 15 so as to be disposed therebe- 
tween and disposed so that the rear end face 41 a of the 
gearbox is at a position approximately midway between 
transverse axes R F , R R respectively extending horizon- 
tally through the axes V and the centre of propulsive ro- 

40 tation of each wheel 33, 34. 

An operator's cab 50 is mounted on the frame mem- 
ber 14 by vibration isolating mounts 51 so that the cab 
50 is supported on one side of the longitudinal axis X-X 
of the vehicle. The cab 50 has a front window 57a, a rear 

45 window 57b and two side windows 57c, 57d, the window 
57c facing transversely across the machine. The or each 
window may be provided with a transparent closure ele- 
ment such as glass, or may be open, or may be provided 
with a protective element such as a grille or bars. A driv- 

50 er's seat, steering wheel and other controls, not shown, 
are provided in the cab and the cab is provided with an 
access door or opening on the side in which the window 
57d is provided. 

A loader arm 60 is pivotally mounted, by means of 

55 an axle member 61 , between the frame members 1 4, 1 5 
at the rear 13 of the vehicle for pivotal up and down 
swinging movement about a horizontal axis H. The load- 
er arm 60 is telescopic and comprises a rear outer sec- 
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tion 62 which is pivotally connected to the frame mem- 
bers 1 4 and 1 5 by the axle 61 and a forward inner mem- 
ber 63 which is telescopically slidable with the section 
62 under the control of hydraulic rams in conventional 
manner. At its front end the part 63 is provided with a s 
downwardly and forwardly extending part 64 adapted to 
carry a material handling implement such as a loader 
bucket or lifting forks or other desired material handling 
means. If desired the loader arm may have more than 
two telescopically slidable sections or may not be tele- 10 
scopic. 

When the loader arm 60 is in its lowermost position, 
as shown in the Figures, it lies in a well 70 of a minimum 
width W which is greater than the width of the loader arm 
and provided between the cab 50 and the frame member is 
15. 

An internal combustion engine 71 is disposed on the 
opposite side of the frame member 1 5 to the well 70 and 
thus is disposed on the opposite side of the longitudinal 
axis X-X of the vehicle to the cab 50. The engine 71 is, 20 
in the present example, a four cylinder diesel engine hav- 
ing a crankshaft 71c rotatable about an axis C-C which 
is perpendicular to the longitudinal axis X-X. The engine 
71 is mounted on the frame member 15 by means of a 
mounting frame 74 carried by the frame members 1 4, 1 5 25 
and having a transversely outwardly extending part 75 
supported in cantilever from the frames 14, 15. The 
frame 74 carries vibration isolating mounts 76 by which 
the engine 71 is mounted on the vehicle and further vi- 
bration isolating mounts 76a by which the gear box 41 30 
is mounted on the vehicle. 

The engine is disposed in a housing 72, the top 72a 
of which at one side extends generally transversely away 
from the frame member 1 5 at substantially the top there- 
of and is inclined downwardly, as best shown in Figure 35 
2. At the outer edge the housing 72 has a generally ver- 
tical side surface 72b and, at the front and rear, down- 
wardly and rearwardly and downwardly and extending 
forwardly front and rear end faces 72c, 72d respectively. 
If desired, the housing may be of a different configuration 40 
than that described hereinbefore and may be wholly or 
partly omitted. 

Disposed between the engine 71 and the gearbox 
41 is a transfer mechanism 80 mounted in a transfer box 
82 having a first extension part 82a having a first mount- 4S 
ing face 83 bolted to the inwardly facing end face 85 of 
the engine 71. and a second extension part 82b having 
a second mounting face 84 bolted to a first torque con- 
verter housing part 42a which is bolted to the rearwardly 
facing end 41a of the gearbox 41. Rotatably mounted so 
within the transfer box 82, as best shown in Figure 4, is 
an input shaft 86 which is connected to the crankshaft 
71c of the engine and an output shaft 87 which is con- 
nected to the input shaft 88 of the gearbox. The input 
and output shafts 86, 87 have bevel gears 86a, 87a re- ss 
spectively fixed relative thereto and which are interen- 
gaged to transmit torque between the engine and the 
gearbox therethrough. The output shaft 87 has an exten- 
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sion 87a which drives a hydraulic pump 80a bolted to the 
transfer box 82. 

Although in this example the torque converter 42 is 
housed by "virtue of the transfer box 82 having an integral 
extension part 82b which provides a second torque con- 
verter housing part and which co-operates with the first 
torque converter housing part 42a to provide a housing 
for the torque converter 42, if desired the torque convert- 
er housing part 82b may be separate from and bolted to 
the transfer box 82. Moreover, the torque converter may 
be housed in any other desired manner so as to be op- 
eratively disposed between the gearbox and the transfer 
mechanism or at another suitable disposition in the drive 
path such as between the engine and the transfer mech- 
anism. 

The transfer box 82 is connected to the mounting 
frame by a vibration isolating mount 77 but if desired the 
transfer box may be supported solely by virtue of its con- 
nection to the engine and the gearbox. 

If desired, other forms of mechanical transfer means 
may be provided totransfer the drive between the engine 
and the gearbox. 

Disposed in front of the engine within the housing 
72 is a cooling radiator 90 through which coolant of the 
engine 71 is circulated through pipes, not shown, and 
the radiator 90 is provided with an by a hydraulically op- 
erated fan 91 , or, if desired, by an electrically or mechan- 
ically operated fan to cause flow of cooling air of the ra- 
diator, suitable ventilation openings may be provided in 
the housing 72 for flow of such air. If desired the radiator 
may be positioned at another position on the vehicle, 
such as adjacent to the rear thereof. 

Although in the above described example the engine 
is disposed wholly to the rear of a mid-point between the 
axes Ft F and R R and the gearbox substantially wholly to 
the front of such mid-point, is desired the engine may be 
positioned in any desired longitudinal position between 
the wheels and the gearbox may be positioned at a de- 
sired longitudinal position on the machine. If desired, the 
gearbox may be mounted to the rear of the engine. 

The distance between the outside of frame mem- 
bers 1 4, 1 5 may be less than 30% of the overall width of 
the machine excluding the wheels and may be, for ex- 
ample, in the range 24% to 27%. 

The axis H lies in the same horizontal plane as the 
highest point of the engine 71 , i.e. the rocker box in the 
illustrated example, but may be below this height or 
above this height, for example, about 300mm above or 
even higher, such as 350mm above. 

The highest point of the loader arm 60, including any 
external component such as an operating ram, at the po- 
sition alongside the highest point of the engine is about 
65mm above the highest point of the engine but may be 
at or below the highest point or above this height, for ex- 
ample 400mm above or higher, such as 450mm above. 

The arm in its lowest position may be horizontal or 
may extend forwardly and downwardly. 

Referring now to Figure 5, in which the same refer- 
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ence numerals have been used to refer to corresponding 
parts as were used in Figures 1 to 4, this illustrates a 
modification of the vehicle described with reference to 
Figures 1 to 4 in which the vehicle is provided with a 
mounting frame 174 which extends in cantilever from the 
frame members 14 and 15 on opposite sides thereof so 
that the frame carries the engine on the outside of the 
frame 15 and carries the cab 50 on the outside of the 
frame 14. In other respects the modification of Figure 3 
is as described previously. 

Figure 6, in which the same reference numerals 
have been used to refer to corresponding parts as were 
used in Figures 1 - 4, shows an alternative modification 
in which the gearbox and transfer box are supported as 
described hereinbefore from a mounting frame 274 
which is disposed, in this case, substantially wholly be- 
tween the frame members 14, 15 and the engine is sup- 
ported in cantilever by virtue of the inwardly facing end 
mounting face 85 of the engine, being bolted to the first 
mounting face 83 of the transfer case 82 with one or more 
vibration isolating mounts or other torsion control means 
276 being provided between the engine and the side 
frame 15 or a lug 277 provided on the frame 274. 

Figures 7 and 8, in which the same reference nu- 
merals have been used to refer to corresponding parts 
as were used in Figures 1-4, show a further, preferred, 
modification in which the drive assembly comprising the 
engine 71 , transfer mechanism 82 and a gearbox 41 , is 
mounted using three mounts on the main structure 11. 
The gearbox 41 is mounted relative to the frame member 
14 by a conventional vibration isolating mount 376 dis- 
posed between the inwardly facing surface 314 of the 
frame member 14 and the adjacent surface 341 of the 
gearbox 41 . A second mount 376a is provided between 
the outwardly facing surface 31 5 of the other frame mem- 
ber 1 5 and a lug 300 formed integrally with the extension 
part 82a of the transfer box 82. 

A third mount 376b is provided between the frame 
member 1 5 and a lug 301 formed integrally with the first 
extension part 82a of the transfer box 82 and disposed 
on the opposite side of the axis of rotation of the output 
shaft of the engine to the mount 376a. 

The engine is supported in cantilever as described 
in connection with Figure 6 by virtue of an inwardly facing 
mounting face 85 of the engine being connected to the 
first mounting face 83 of the transfer box 82. 

In the specific examples described with reference to 
Figures 1 to 7 of the drawings, the engine 71 is so ar- 
ranged that its output shaft 71c is transverse to the lon- 
gitudinal axis X-X of the vehicle and the axis of rotation 
of the output shaft 71 is inclined at, or substantially at, 
90° to the axis X-X. 

However, in another arrangement, if desired, the 
axis of rotation of the output shaft of the engine may be 
arranged transverse to the axis X-X at an angle other 
than perpendicular to the longitudinal axis. 

For example, it is. envisaged that it may be conven- 
ient for the axis of rotation of the output shaft to be at 45° 
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to the longitudinal axis or at least in the range 35° - 55°. 

In Figure 9 there is shown a vehicle 10' which is in 
most respects, is generally similar to the vehicle 10 of 
Figure 1 toB. Similar parts are labelled with the same 
5 reference numerals but with a prime sign added. 

In Figure 9, the engine 71 1 is mounted transversely 
but so that its output shaft 71c' extends generally at 45° 
to the longitudinal axis X-X of the vehicle 10'. 

The transfer mechanism indicated at 82' includes an 
io input shaft 86' which also extends generally at 45° to the 
longitudinal axis X-X of the vehicle, and the transfer 
mechanism 82' further comprises an output shaft 87' 
which extends generally parallel to the axis X-X, and con- 
nects with the input shaft 88' of change speed gearbox 
is 4V. 

The input and output shafts 86', 87' of the transfer 
mechanism 82' each have respective bevel gears 86a' 
and 87a' and thus drive can be transmitted from the out- 
put shaft 71 c' of the engine 71 ' to the change speed gear- 
20 box 4V. 

In this embodiment, the cooling radiator indicated at 
90' is mounted adjacent to the engine 71' towards the 
front end of the vehicle 1 0' and the engine 7 1 ' is mounted 
on a mounting frame 74' by means of vibration isolating 

25 mounts 76'. The gear box 41 ' is mounted by means of a 
vibration isolating mount 76a' on the frame member 1 5' 
and the transfer box 82' by a vibration isolating mount 
77* on the mounting frame 74'. 

In the Figure 9 arrangement, the output shaft 71c' of 

30 the engine 71 ' subtends an angle of about 45° to the lon- 
gitudinal axis XrX, the output shaft 71c' extending to- 
wards the rear axle 31' of the vehicle 10'. 

In Figure 10, a substantially identical vehicle to ve- 
hicle 10' of Figure 9 is shown with corresponding parts 

35 being given the same reference numerals. 

In the Figure 10 arrangement, the output shaft 71c' 
of the vehicle subtends an angle of about 45° to the lon- 
gitudinal axis X-X of the vehicle, but the output shaft 71c* 
extends towards the front axte 30' of the vehicle. In this 

40 arrangement, bevel gears 86a' and 87a' of the transfer 
mechanism 82' are arranged oppositely to the corre- 
sponding gears of the mechanism 82* in Figure 9. Also, 
the change speed gearbox 41' in Figure 10 is arranged 
slightly forward in the vehicle compared with the gearbox 

45 41 ' of the vehicle shown in Figure 9. 

The vibration isolation mounts 76' for the engine 71 ' 
are arranged as shown, as are the mounts 76a' and 77' 
for the gear box 41 1 and transfer box 82' respectively; the 
mounting 77' being carried on a bracket on the frame 

50 member 14'. 

The vehicle 10' shown in Figure 11 is generally iden- 
tical to the vehicles in Figures 9 and 10 and correspond- 
ing parts are again labelled with the same reference 
numbers. However, in the vehicle of Figure 11 the output 

55 shaft 71c' of the engine 7V is arranged similarly to the 
output shaft of the engine of the vehicle 10' of Figure 9 
i.e. towards the front axle 30' of the vehicle. However in 
this example, the change speed gearbox 41' is arranged 
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rearwardly of the vehicle, closer to the rear axle 31 ' than 
the gearbox 4V of the vehicle of Figure 10. Thus input 
shaft 88' of the gearbox 41 ' extends forwardly of the ve- 
hicle rather rearwardly as is the case with the arrange- 
ments shown in Figures 9 and 10. The output shaft 87' s 
of the transfer mechanism 82' thus extends rearwardly 
of the vehicle. In the Figure 11 arrangement, the cooling 
radiator indicated at 90' is located rearwardly of engine 
7V rather than forwardly of the engine 71' as in the ar- 
rangements of Figures 9 and 10. The engine mountings 10 
are shown at 76', the gear box mounting at 76a', being 
provided on a bracket on the frame member 14' and the 
transfer box mounting at 77' being provided on the 
mounting frame 74'. 

The vehicle of Figure 12 is again generally identical is 
to the vehicles of Figures 9, 10 and 11 and corresponding 
parts are again labelled with the same reference numer- 
als. In Figure 12, the engine 7V is so arranged that its 
output shaft 71c' extends at 45° to the longitudinal axis 
X-X of the vehicle 10' towards the rear axle 31* of the 20 
vehicle, as with the arrangement of Figure 9. However, 
like with the arrangement of Figure 1 1 , the change speed 
gearbox 41' is arranged towards the rear axle 31'. Thus 
the input shaft 88' to the change speed gearbox 41 ' ex- 
tends forwardly towards the front axle 30' of the vehicle 25 
10' with corresponding changes to the configuration of 
the transfer mechanism 82'. The engine mountings are 
shown at 76', the gear box mounting at 76a\ being pro- 
vided on a bracket on the frame member 14' and the 
transfer box mounting at 77* being provided on a bracket 30 
on the frame member 15'. 

Of course, although in the arrangements of Figures 
9 to 12, the output shaft 71c* of the engine 71' has in 
each case extended generally at 45° to the longitudinal 
axis X-X of the vehicle, in another arrangement, the re- 35 
spective shaft 71c' could extend transversely at other 
than 45° such as within the range 35° - 55°, or at any 
other desired angle, with suitable changes to the config- 
uration of the transfer mechanism 82' and the position- 
ings of the respective engine mountings 76'. 40 

Figures 13 and 14 show diagrammatical ly a modifi- 
cation of the vehicle shown in Figures 1 to 4. The vehicle 
of Figures 13 and 14 is similar to that in Figures 1 to 4 
and hence the same reference numerals have been 
used for Figures 1 3 and 1 4 as were used with reference 45 
to Figures 1 to 4 to refer to corresponding parts. 

The vehicle of Figures 1 3 and 1 4 differs from that of 
Figures 1 to 4 only in that the engine 71 is, in this em- 
bodiment, disposed on the same side of the longitudinal 
axis X-X of the vehicle as the cab 50 and is disposed so 
beneath the cab 50. That is to say, beneath a bottom wall 
part 50a of the cab 50 which separates the interior of the 
cab 50 which contains the driver D and controls C from 
the exterior below the driver D and controls C. As shown, 
the bottom wall part 50a is not rectilinear and includes 55 
upwardly extending portions which extend between 
parts of the wall 50a which are at different levels. Al- 
though as illustrated, these upwardly extending portions 
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are inclined from the horizontal and the vertical, if desired 
they may of course, extend vertically and still be regard- 
ed as part of the floor of the cab. 

The cooling radiator 90 is, in this embodiment, dis- 
posed on the opposite side of the longitudinal axis X-X 
of the vehicle to the cab and is disposed in a housing 72 
which is similar in configuration to the housing 72 of the 
embodiment of Figures 1 to 4. If desired, the radiator may 
be positioned at other location of the vehicle and the 
housing 72 may be absent or its configuration suitably 
modified. Where a housing the same as or similar to the 
housing 72, or indeed any other housing, is provided for 
the cooling radiator, or for any other component of the 
machine, between the front and rear wheels 33, 34 on 
the opposite side of the axis X-X to the cab 50, then a 
well similar to the well described hereinbefore is provid- 
ed. 

The radiator 90 is supplied with a coolant of the en- 
gine 71 via pipes, not shown, and as in the previously 
described embodiment the radiator may be provided with 
a hydraulically operated fan or an electrically operated 
fan. 

The gearbox 41 of the present embodiment is the 
same as the gearbox 41 of the embodiment of Figures 
1 to 4, as is its driving connection to the wheels 34, 33. 
The transfer mechanism 80 is the same as the transfer 
mechanism described with reference to Figures 1 to 4 
but is, of course, orientated at 180° to the orientation de- 
scribed with reference to Figures 1 to 4. 

In all other respects the embodiment is as described 
with reference to Figures 1 to 4. 

The modifications of the embodiment shown in Fig- 
ures 1 to 4 described with reference to Figures 5 to 8 
may be applied, mutatis mutandis, to the embodiment of 
Figures 13 and 14. 

The modifications shown in Figures 9 to 12 may al- 
so, in principle, be applied to the embodiment of Figures 
13 and 14 particularly, for example, the embodiment of 
Figure 1 0, where the engine would be disposed substan- 
tially in a rear part of the cab, but the embodiments 
shown in, for example, Figure 9 or Figure 12 would ne- 
cessitate repositioning the driver in the cab so that the 
floor of the cab may provide space therebeneath for an 
engine disposed in the configuration analogous to that 
shown in these Figures. 

If desired in any embodiment based on that of Fig- 
ures 13 and 14, a part of the engine may be disposed 
outwardly of the plan outline of the cab. For example, a 
part of the fly wheel housing of the engine may be dis- 
posed outwardly of said plan outline of the cab towards 
the loader arm for connection to the transfer mechanism 
80. 

If desired, in any embodiment the wheels on the front 
axle may have a different track to the wheels of the rear 
axle, whilst the wheels of an axle are equivalent from, 
and on opposite sides of, the longitudinal axis of the ve- 
hicle. 

(f desired the ground engageable propulsion means 
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may comprise endless tracks. 

The features disclosed in the foregoing description, 
or the following claims, or the accompanying drawings, 
expressed in their specific forms or in terms of a means 
for performing the disclosed function, or a method or 
process for attaining the disclosed result, or a class or 
group of substances or compositions, as appropriate, 
may, separately or in any combination of such features, 
be utilised for realising the invention in diverse forms 
thereof. 



Claims 

1. A material-handling vehicle comprising a structure 
having ground engageable propulsion means, a 
loader arm, having a longitudinal axis, mounted at 
the rear of the structure for up and down swinging 
movement, an operator's cab disposed on the struc- 
ture on one side of the loader arm longitudinal axis 
and an engine mounted on the structure to provide 
power for said swinging movement of the arm and 
propulsion of the vehicle, wherein the engine is 
located on one side of the loader arm longitudinal 
axis and the engine has an output shaft and the 
engine is transversely disposed with its output shaft 
transverse to the vehicle. 

2. A vehicle according to claim 1 wherein the engine is 
located on the opposite side of the loader arm lon- 
gitudinal axis to the cab and the engine is spaced 
from the cab to define a well between the cab and 
the engine in which the arm, in a lowered position, 
can be at least partly accommodated. 

3. A vehicle according to claim 2 wherein the engine is 
disposed on the opposite side of the loader arm lon- 
gitudinal axis to the cab. 

4. A vehicle according to claim 1 wherein the engine is 
located on the same side of the loader arm to the 
cab with the engine disposed at least partly beneath 
the cab. 

5. A vehicle according to claim 4 wherein a housing is 
provided, disposed on the opposite side of the 
loader arm to the cab, and a well is provided, 
between the cab and the housing, in which the arm, 
in a lowered position, can be at least partly accom- 
modated. 

6. A vehicle according to claim 5 wherein the housing 
houses a cooling means for the engine or a fuel or 
an oil tank. 

7. A vehicle according to any one of the preceding 
claims wherein the loader arm extends forwardly 
parallel to a vertical plane containing a longitudinal 
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axis of the vehicle and the output shaft of the engine 
is perpendicular to the longitudinal axis of the vehi- 
cle. 

s 8. A vehicle according to any one of claims 1 to 6 
wherein the loader arm extends forwardly parallel to 
a vertical plane containing a longitudinal axis of the 
vehicle and the output shaft of the engine is 
arranged at an angle other than perpendicular to the 

10 longitudinal axis of the vehicle. 

9. A vehicle according to any one of the preceding 
claims wherein the ground engageable propulsion 
means is driven via a mechanical transmission. 

15 

10. A vehicle according to claim 9 when dependent 
directly or indirectly on claim 2 or claim 5 wherein 
the mechanical transmission comprises a gearbox 
disposed underneath the well. 

20 

11. A vehicle according to claim 10 wherein the gearbox 
has an input shaft which extends generally parallel 
to the longitudinal axis of the vehicle and at least one 
output shaft which also extends generally parallel to 

25 the longitudinal axis of the vehicle and there being 
a transfer mechanism having an input shaft to trans- 
fer the drive from the transversely extending output 
shaft of the engine to the longitudinally extending 
input shaft to the gearbox. 

30 

1 2. A vehicle according to claim 1 1 wherein the transfer 
mechanism comprises an input shaft and an output 
shaft disposed at an angle to each other, the input 
shaft being connected to the output shaft of the 

35 engine and the output shaft being connected to the 
input shaft to the gearbox and the input and output 
shafts of the transfer mechanism being connectable 
- in torque transmitting relationship. 

40 13. A vehicle according to claim 12 wherein the input 
and output shafts are connectable in said torque 
transmitting relationship by a bevel gear set. 

14. A vehicle according to claim 12 or claim 13 wherein 
45 the output shaft of the engine is inclined to the lon- 
gitudinal axis of the vehicle and the input shaft of the 
transfer mechanism is inclined to the output shaft of 
the transfer mechanism at a corresponding angle. 

so 15. A vehicle according to any one of the preceding 
claims wherein the ground engageable propulsion 
means comprise a pair of ground engageable 
wheels disposed adjacent the front of the structure 
and a pair of rear ground engageable wheels adja- 

55 cent the rear of the structure, the vehicle has a trans- 
mission comprising a gear box, and the wheels of 
the front pair are driven from a first output shaft of 
the gearbox whilst the wheels of the rear pair are 
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driven by a second output shaft of the gearbox 
through differential gear means. 

1 6. A vehicle according to any one of claims 1 1 to 1 4 or 
claim 15 when dependent on any one of claims 11 
to 14 wherein the transfer mechanism is provided 
with damping means between the engine output 
shaft and the transfer mechanism input shaft to 
reduce engine induced vibrations or resonance. 

1 7. A vehicle according to claim 1 1 or any one of claims 
12 to 16 when dependent on claim 11 wherein the 
engine and/or transfer mechanism and/or gearbox 
are provided with mounting means to accommodate 
torsional movement and lateral, axial, vertical move- 
ment of both engine and gearbox. 
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18. A vehicle according to claim 1 1 or any one of claims 
12 to 17 when dependent on claim 11 wherein the 
engine, transfer mechanism and gear box are rigidly 20 
connected together. 



1 9. A vehicle according to claim 1 8 wherein the transfer 
mechanism comprises a housing having a first 
mounting face, which faces transversely outwardly 
of the vehicle, to which a mounting face of the engine 
is connected, and a second mounting face facing in 
the fore and aft direction of the vehicle, to which a 
mounting face of the gear box is connected. 



20. A vehicle according to claim 1 8 or clairrv 1 9 wherein 
the engine, transfer mechanism and gear box each 
have at least one mounting means whereby the cou- 
pled together components are mounted on the vehi- 
cle. 

21. A vehicle according to any one of claims 18 to 20 
wherein the housing of the transfer mechanism has 
a first and a second mounting means disposed on 
opposite sides of the axis of rotation of the output 
shaft of the engine. 
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40 



22. 



A vehicle according to claim 21 wherein the structure 
includes spaced fore-and-aft extending frame mem- 
bers and said first and second mouting means are 
carried by one of the fore and aft extending frame 
members. 



45 



A vehicle according to claim 1 1 or any one of claims 
11 to 17 when dependent on claim 11 wherein at 
least one of the engine and the gearbox are movable 
relative to the transfer mechanism and the engine 
output shaft being flexibly connected to in input shaft 
of the transfer mechanism and/or the output shaft of 
the transfer mechanism being flexibly connected to 
the input shaft of the gearbox. 



23. A vehicle according to any one of claims 18 to 22 
wherein the gear box has a mounting on the side of so 
the gear box which is on the opposite side of the fore 
and aft axis of the vehicle to the engine. 

24. A vehicle according to claim 23 when dependent on 
claim 22 wherein the mounting of the gear box is car- 55 
ried by the other of the fore and aft extending frame 
members. 
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